In Japan, one of the duties of the long-term care insurance system is the prevention of oral function degradation. Although various exercise programs for oral function have been developed and practiced in Japan, to date, no study has reported their effects. In the present study, we examined the effects of an exercise program on oral functions in healthy elderly people. Healthy elderly people participated in the study and were randomly divided into intervention and control groups (39 subjects/group). The exercise program consisted of four exercises: exercise for expression muscles, tongue, salivary glands, and swallowing. Before and after a six-month intervention period, we evaluated changes in oral functions, namely bite force, swallowing ability, and salivary flow rate. Fifty-four subjects completed the study protocol: 26 and 28 subjects from intervention and control groups, respectively. A significant improvement in all oral functions, including bite force, swallowing ability, as well as unstimulated and stimulated salivary flow rate, was observed in the intervention group after six months, whereas no improvement was observed in the control group. Further, among the intervention group, a significant improvement in oral functions was observed in 17 subjects with 20 or more remaining teeth, whereas no improvement was observed in the other nine with less than 20 teeth. Our results suggest that oral functions significantly improve after conducting a six-month exercise program for oral function. Further, this improvement appears to be influenced by the number of remaining teeth.
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Tohoku J. Exp. Med., 2008 , 215 (3), 237-245. © 2008 In recent decades, the Japanese population faces rapid aging brought by a combination of low fertility and high life expectancy (Health and Welfare Statictics Association 2007a). In April 2000, to support elderly people requiring longterm care, such as the bedridden or demented, the Ministry of Health, Labor and Welfare developed a long-term care insurance system. This system has since been socialized and accepted nationwide, with the number of beneficiary users increasing yearly, in particular people suffering from light disability (Health and Welfare Statictics Association 2007b). In April 2006, the Ministry modified the long-term care system by extending its support from the debilitated elderly to healthy people. Recently, oral health has been empha-hall to perform the exercises together using an illustrated video. The exercise program for oral function was performed for six months from May to November 2007.
Evaluation of oral functions
Oral functions of participants from intervention and control groups were measured at baseline and the end of program. The detailed indexes are described below:
Bite force. Bite force was measured by color development on a pressure-sensitive film using special analytical equipment Fuji Film Co.) . The uses, limitations, validity, and reliability of this method have been previously discussed and reported (Suzuki et al. 1997; Shiga 2003) .
Subjects were seated with their heads upright, unsupported and in a natural head position. Bilateral maximal bite force was measured using pressure-sensitive sheets of 0.097 mm thickness (Dental Prescale 50 HR type, Fuji Film Co., Tokyo). After several practice attempts, subjects performed maximal clenching for three seconds in the intercuspal position on a pressuresensitive sheet placed between the maxilla and the mandibular dental arch. Participants wearing a removable denture bit the sheets with their denture in place. The study population did not include subjects with a partially edentulous arch without replacement or who complained of toothache or irritation of the denture-supporting tissues.
Repetitive Saliva Swallowing Test. The method and validity of the Repetition Saliva Swallowing Test (RSST) have been previously discussed and reported in Japan (Oguchi et al. 2000; Tamura et al. 2002) . RSST has been developed as a safe and simple screening method for the evaluation of swallowing ability in clinical studies. Using this method, we assessed completion of the swallowing process by visual inspection and palpitation. RSST was performed sequentially in all subjects by sitting them in the upright sitting position on a chair without back rest, followed by counting of the number of dry swallowing cycles within 30 seconds. One swallowing cycle was defined as an up-and-down movement of the larynx, which was confirmed by lightly placing the palm side of the second and third finger to the hyoid and larynx bulge, respectively.
Measurement of salivary flow rate. Subjects were asked to refrain from eating, drinking, or practicing oral hygiene between 12 : 00 PM and 14 : 00 PM prior to salivary collection starting at 14 : 00 PM. Unstimulated sized, in particular the prevention of tooth loss, by initiating the 8020 program, which recommends all people to retain 20 or more teeth after 80 years of age (Ishii 2005; Hashimoto et al. 2006) .
A component of the new long-term care insurance system, the preservation of oral functions, was introduced to increase, maintain, and improve oral functions. Various exercise programs for oral function were developed for elderly people and practiced in numerous areas in Japan. However, no study has assessed the effects of these exercise programs. Here, we evaluated the changes in oral functions, namely bite force, swallowing ability, and salivary flow rate, by applying our exercise program for oral function to healthy elderly people.
MATERIAL AND METHODS

Subjects
In May 2007, we invited a group of healthy elderly, composed of approximately 460 people aged 65 years or more and living in a small community of the Fukuoka Prefecture, Japan, to participate in our exercise program for oral function. A total of 78 subjects accepted to participate in the program and were divided randomly into two groups: an interventional and control group, both composed of 39 subjects. The program was completed by a total of 54 subjects, including 26 and 28 subjects in the intervention and control group, respectively. Signed informed consent was obtained from all participants. The overall study design was approved by the Ethics Board of the University of Occupational and Environmental Health, Kitakyushu.
Intervention protocol
We prepared an exercise program for oral function consisting of four exercises: exercises for expression muscles, tongue, salivary glands, and swallowing. Detailed explanation of each exercise is described in Figure 1 (Kitahara and Hakuta 1999; Kaneko and Senno 2006) . At baseline, oral functions of the participants were measured using the following indexes: bite force, Repetitive Saliva Swallowing Test (RSST), and salivary flow rate. We then carried out the exercise program in the intervention group only at the senior hall of the community, and gave participants an explanatory document describing each exercise to perform at home daily. Once a week, the intervention group was invited at the senior whole saliva and stimulated whole saliva was collected at baseline and at the end of the program using the spitting method (Navazesh 1993; Fox 1997) in the sitting position. Subjects were asked to swallow all the saliva in their mouth, followed by collecting saliva in the mouth for five minutes and spitting in a graduated tube. After taking a five-minute rest, stimulated whole saliva was collected using the mastication method (Narhi et al. 1999) . Subjects were asked to swallow all saliva in the mouth, followed by chewing of a piece of gum base, used as a stimulant, for five minutes at their own pace and spitting into an additional graduated tube. The volume of unstimulated and stimulated saliva specimens was then measured, and unstimulated and stimulated whole salivary flow rate (ml/min) used as an independent variable.
Statistical analysis
The chi-square test was used to evaluate the differences in age, sex, and number of remaining teeth at baseline between intervention and control groups. In addition, Wilcoxon's signed rank test was used to examine the change in several oral functions before and six months after the exercise program. All analyses were performed using the SPSS 15.0 software package for Microsoft Windows XP. Table 1 shows the distribution of age, sex, and number of remaining teeth between intervention and control groups at baseline. No significant differences were observed between the two groups, with p = 0.49; p = 0.84; and p = 0.93 for age, sex, and number of remaining teeth, respectively. The intervention and control groups were composed of 19.5% and 21.4% men, respectively, and 65.4% and 64.3% of subjects had more than 20 remaining teeth, respectively. Table 2 shows the change in oral functions in the intervention and control group between baseline and the end of the study. All oral functions investigated, namely bite force, swallowing ability (RSST), as well as unstimulated and stimulated salivary flow rates, significantly improved after six months in the intervention group, whereas no improvement was observed in the control group.
RESULTS
Given the importance of the number of remaining teeth in oral function, we additionally evaluated the change in oral functions between baseline and the end of the study in two subgroups of subjects having either 20 and more or less than 20 remaining teeth. Changes in oral functions according to the number of remaining teeth between baseline and the end of the study are shown in Table 3 . In the intervention group, subjects having more than 20 teeth showed significant improvement in oral functions, whereas those with less than 20 teeth showed no improvement. In the control group, however, no improvement was observed. 
DISCUSSION
Aging is typically accompanied by gradual physiological deterioration of body organs (Shirado 1997) , which leads to a decrease in daily life activity in elderly people. Further, oral functions decrease with aging. For example, a decrease in salivary function is often associated with dry mouth, and loss of teeth directly influences bite force and swallowing performance, which then reduces eating ability. Improvement of these oral functions is therefore crucial in maintaining health in elderly people.
In the present study, we evaluated the changes in several selected oral functions, namely bite force, swallowing ability, as well as unstimulated and stimulated salivary flow rate, using our exercise program for oral function during a six-month period. Results showed a significant increase in bite force, RSST value, as well as unstimulated and stimulated salivary flow rate in the intervention group, whereas no improvement was observed in the control group. Further, in the intervention group, results showed a relative difference in improvement of oral functions according to the number of remaining teeth. Increased oral functions were observed in the subject subgroup with 20 or more remaining teeth, whereas no improvement was observed in the subgroup with less than 20 teeth.
To our knowledge, no intervention study has used stretching exercises similar to ours, which mainly consists of stretching of oral and perioral structures and are designed to improve or maintain oral function in healthy elderly people. However, a number of studies have examined the effects of stretching exercise on skeletal muscles. Skeletal muscle atrophy, declining strength, and physical frailty are generally accepted as inevitable concomitants of aging (Brooks and Faulkner 1994; Faulkner et al. 1995) . These muscle conditions were reported to be influenced by stretching exercises in studies showing the beneficial effects of stretching exercise on skeletal muscles in elderly people (Landin et al. 1985) . In addition, exercise, which includes stretching programs, is one of the most important rehabilitation methods in hypofunction of musculoskeletal system in elderly people (Shirado 1997) .
A previous study showed a positive correlation between bite force and masticatory performance (Miura et al. 2005) , which are affected by the number of remaining teeth, and by skeletal muscular mastication such as masticatory muscles. Bite force has therefore often been used for the objective measurement of masticatory function (Hatch et al. 2001 ). The present results among subjects of the intervention group showed a significant increase in bite force between baseline and the end of the study. Further, this increase was only observed in subjects with 20 or more remaining teeth. A previous study reported that maximal bite force is only increased by hard gum chewing exercise (Kiliaridis et al. 1995) . Exercise program for oral function in this study, however, contained no resistance exercises such as hard gum chewing. Bite force is known to be closely dependent on the number of remaining 
2) Exercise for tongue Each exercise (1) ~ (7) is performed approximately five times.
(1) (2)
(4) (5) (6)
3) Exercise for salivary glands -Hold breath and swallow saliva (3 times) -While keeping mouth open, utter "pa", "ta", "ka", "ra", and "panda no takaramono" in a loud voice (3 times) teeth (Tsuga et al. 1998) , and individuals with 20 or more remaining teeth in both jaws were reported to have high scores for bite force and masticatory ability (Tatematsu et al. 2004) . Decrease in swallowing ability with age may lead to undernutrition, dehydration, and occasionally aspiration pneumonia (Finestone et al. 1995; Reza et al. 2006 ). The present results in the intervention group showed a significant increase in RSST value between baseline and the end of the study only in subjects with 20 or more remaining teeth. To our knowledge, no other report has examined the relationship between swallowing ability (RSST) and stretching exercise programs similar to Fig. 1 . However, results from an intervention study in American healthy elderly people, which consisted of an eight-week lingual resistance exercise program, showed a significant improvement in swallowing pressure (Robbins et al. 2005) . Further, another stretching exercise, range-of-motion exercise, which consists of full extension, holding, and release of target structures, can potentially be used for lips and both facial and lingual muscles (Veis et al. 2000; Lazarus 2006; Logemann 2007) , as well as affect swallowing ability (Ono et al. 2003) .
Saliva plays an important role in the preservation and maintenance of oral health (Working Group 10 of the Commission on Oral Health 1992), and a decrease in salivary flow commonly leads to complaints of dry mouth among healthy elderly people. The most common causes of salivary hypofunction include medication, systemic disease, and medical treatment (Gupta et al. 2006) . Salivary gland hypofunction may therefore lead to a variety of subjective and objective oral complications which affect quality of life (Navazesh et al. 1996) . Because salivary function, which is measured using stimulated and unstimulated salivary flow rates is influenced by muscular and masticatory stimulation in healthy elderly people, the use of exercises which include stretching and massage is the most important method of rehabilitation (Percival et al. 1994) . Reports suggest that salivary gland massage increases blood flow and parasympathetic activity in the surrounding areas of salivary glands (Zelles et al. 1999; Weerapong et al. 2005 ). In addition, another report shows a positive correlation between bite force and salivary flow, regardless of age and gender (Yeh et al. 2000) . In the present study, a significant positive increase in unstimulated and stimulated salivary flow rates was observed after completion of the exercise program for oral function in subjects of the intervention group with 20 or more remaining teeth, whereas no improvement was observed in other groups. Previous reports show that because bite force is closely correlated with the number of remaining teeth, periodontal mechanoreceptors contribute to the masticatory-salivary reflex (Hector and Linden 1987; Linden and Millar 1988) . These findings indicate that salivary flow rate is influenced by the number of remaining teeth.
In conclusion, our study suggests that oral functions, namely bite force, RSST, and salivary flow rate, significantly improve after conducting a six-month exercise program for oral function. Further, this improvement appears to be influenced by the number of remaining teeth.
